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power station may usually be eliminated as well and the switch-
board considerably simplified in consequence.
The first cost of the 1200 volt direct current substation is but
73 per cent, of the 600 volt station because of the lower current
value necessary for the same output, thereby reducing the size
and cost of converters, cables and switchboard.
While the comparisons here made are based on the equipment
of an interurban railway, the percentages given may be considered
as approximately representative of the values which would ob-
tain for heavier service where proportionately higher voltages
would be used.
The substation cost per mile of track is somewhat higher for
the three-phase system than for those systems using a single-
phase contact line, for reasons which will be discussed in the next
article.
Distribution System.—As would naturally be expected, the
first cost of the distribution system decreases with increase of
contact line voltages, thereby favoring those systems in -which
high contact line voltages are used, especially in cases where the
traffic is heavy.
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Commutation and insulation difficulties limit the voltage
which may be used across motor terminals and therefore the con-
tact line voltage in the direct current system. Since the contact
line voltages are necessarily low with this system the distribution
system is required to handle large currents, and in order that these
large currents may be handled without excessive voltage drop
auxiliary lines or feeders are required. These lines complicate
the overhead work and greatly increase the cost of the distribution
system. Stray currents from the track return circuit may cause
electrolysis troubles which are difficult and costly to mitigate.
High contact line voltages are easily obtained and readily
utilized in the systems employing a single-phase contact line.
The overhead line construction is extremely 'simple as feeders are
usually not required. The transmission system and trans-	f^r^!
former substations even may be omitted if the road is compara-	;|r
tively short and the traffic is not too heavy.   The distribution	'V|-;4 "1
system efficiency is higher than with any of the other systems.	4^'^''1
Murray1 gives 97 per cent, as the efficiency of the distribution	v^^S'i
system of the New York, New Haven & Hartford Railroad.   The
operation of a single-phase circuit one side of which is a grounded
1 A. I, E. R, Vol. XXXI, page 154.

